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ABSTRACT 

We identify SDSS J130033. 48+590407.0 as a common proper motion companion to the 
weh-studied DA white dwarf PG 1258+593 (GD322). The system hes at a distance of 
68 + 3 pc, where the angular separation of 16.1 + 0.1'' corresponds to a minimum binary 
separation of 1091 + 7 AU. SDSS J1300+5904 is a cool (Teff = 6300 + 300K) magnetic 
white dwarf {B 6MG). PG 1258+593 is a hydrogen-rich (DA) white dwarf with 
Teff = 14790+77K and log^ = 7.87+0.02. Using the white dwarf mass-radius relation 
implies the masses of SDSS J1300+5904 and PG 1258+593 are 0.54 + 0.06 and 
0.54 + 0.01 M0, respectively, and therefore a cooling age difference of 1.67 + 0.05 Gyr. 
Adopting main-sequence life times from stellar models, we derive an upper limit of 
2.2 M0 for the mass of the progenitor of PG 1258+593. A plausible range of initial 
masses is 1.4-1.8 M© for PG 1258+593 and 2-3 Mq for SDSS J1300+5904. Our analysis 
shows that white dwarf common proper motion binaries can potentially constrain the 
white dwarf initial-final mass relation and the formation mechanism for magnetic white 
dwarfs. The magnetic field of SDSS J1300+5904 is consistent with an Ap progenitor 
star. A common envelope origin of the system cannot be excluded, but requires a triple 
system as progenitor. 



Key words: 

motion pair 



Stars: binaries: white dwarf, magnetic white dwarf - common proper 



1 INTRODUCTION 

White dwarfs (WDs) are the end point for the large majority 
of stars. It has been shown that a significant number, possi- 
bly ~ 10 — 15% , of all WDs may be magnetic with fields 
> I MG (Liebert et al.1 l2003l : Iwick ramasingh e Ferrario 
20051) . The Sloan Digital Sky Survey fSDSS: lYork et al. 
2000) hcis been a rich source for finding new magnetic 



WDs (MWDs) (iGansicke et al.1 [2002: Sch midt et al.1 l2003l : 
IVanland ingham et al.1 1200 5. and K iilebi et al.1 12009). bring- 
ing the number of known MWDs to > 200. However, the 
formation mechanism for MWDs is still under debate, with 
the two favoured progenitors being either magnetic Ap/Bp 
stars (|Moss 1989) or close binaries that evolved, and poten- 
tially merged, through a common envelope (uTout Pringlj 
I1992I I. 

In the Ap/Bp scenario, the MWDs field is a relic of the 
large-scale magnetic fields of their intermediate mass pro- 
genitor stars. The se in turn a re fossils of the magnetic field 
in star formation (|MossII1989I V Assuming fiux conservation, 
the surface fields observed in Ap/Bp stars 10^ —2 x 10^ G) 
are sufficient to explain the range of fields found in MWDs. 



However, population synthesis suggest that only 40% of 
the known MWDs may have desc ended from Ap/Bp stars 
(jWickramasinghe Ferrario! l2005l V 

A clue to a possible link between binary evolution 
and strongly magnetic WDs came from the absence of de- 
tached MWD plus M-dwarf binaries, i.e. magnetic pre-CVs 
([Liebert et al.|[2QQ5 b). which could not be explained within 
the Ap/Bp scenario. Differential rotation an d convection are 
predicted to be key to a magnetic dynamo ([Tout Pringld 
1992), bot h of which are prevalent in common envelope (CE) 
evolution. [Tout et al.l (|2008l ) recently revisited the CE sce- 
nario for the formation of MWDs, and proposed that if 
a strong ffeld is generated during a CE, the two possible 
outcomes are either a merger, leading to a single massive, 
strongly magnetic WD, or a short-period MWD plus low- 
mass star binary, that rapidly evolve into a mass-transferring 
CV state. 

A key for testing which of the hypotheses is correct 
would be a set of wide common proper motion (CPM) 
MWDs. Here, we report the discovery of one such system. 
SDSSJ130033.48+590407.0 (henceforth SDSS J1300+5904) 
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is a MWD and the CPM companion to the well-studied 
hydrogen-rich (DA) WD PG 1258+593. Following an esti- 
mate of the stellar parameters of SDSS J1300+5904, we dis- 
cuss the evolutionary state of the CPM pair, and show that 
in this system, the Ap/Bp scenario provides a plausible ex- 
planation for the origin of the MWD. We also illustrate how 
WD CPM pairs may be used to constrain semi-empirical ini- 
tial mass- final mass relations (IFMR) at the low-mass end. 



2 OBSERVATIONS 

One of the nove l ties w ithin SDSS Data Release 7 (DR7) 
(jAbazaiian et al.l l2009l l are improvements in both the as- 
trometr ic calibration, carried out against the UCAC2 cat- 
alogue (jZacharias et al.l [20041 ), as well as an updated table 
of proper m otions computed from the combined SDSS and 
USNO-B ( Monet et al.1 l2003l ) positions. Using this proper 
motion table, we carried out a search for 3cr proper motion 
companions to WDs using the CasJobs SQL interface to 
SDSS DR7 ( Li Tha kar 2008). One of the objects returned 
by our query was the faint blueish SDSS J1300+5904, which 
turned out to be a CPM companion to PG 1258+5933- The 
angular separation between the two objects is 16.1 =b 0.1^^ 
(Fig.[T]) and, at a distance of 68di3pc (see Sect. (3]), the min- 
imum binary separation is 1091=b7AU. Coordinates, proper 
motions, and ugriz point-spread function (PSF) magnitudes 
of both WDs are given in Table[Tl 

SDSS J130 0+5904 had alread y been noted as a CPM 
companion by iFarihi et al.1 (|2005l ). however it was classi- 
fied as a WD with a featurless (DC) spectrum, based on a 
relatively poor spectrum. Inspecting the SDSS fibre spec- 
trum however unambiguously identifies it as a magnetic 
(DAH) WD given the clear detection of a Zeeman-triplet 
in Ha (Fig.©. SDSS J1300+5904 was targeted for SDSS 
spectroscopy as a WD candidate; no SDSS spectrum was 
obtained for PG 1258+593. 

We observed PG 1258+593 on February 13, 1997, us- 
ing the Intermediate Dispersion Spectrograph (IDS) on the 
Isaac Newton Telescope (INT) . Two spectra of 20 min expo- 
sure time each were obtained with the R632V grating and 
a 1.5^^ slit, covering the wavelength range 3680-5300 A at a 
spectral resolution of ^ 2 .3 A. The dat a were reduced and 
calibrated as described bv lMoran et al.l (1999.), and the nor- 
malised line profiles are shown in Fig.[2l 



3 WHITE DWARF PARAMETERS 

We analysed the INT/ID S spectrum of PG 12 58+593 using 
DA model spectra from Koester et al. (l2005ll and the fit - 
ting routine described by Rebassa- Manser gas et a D (l2007l ). 
The best fit is achieved for Teff = 14790 ± 77K and 
log g = 7.87+0.02. Adoptin g these atmosph eri c para meters, 
we use an updated version of lBergeron et a tables 
to calculate the corresponding WD mass, 0.54 ± 0.01 M©, 
radius, (9.85 ± 0.10) x 10^ cm, and a cooling age of (1.8 ± 



N 



PG1258+593 




SDSSJ1300+5904 



^ Init ially identified as WD candidate CD 322 by ICiclas et al.l 
(|l967l ) 

^ http://www.astro.umontreal.ca/~bergeron/CoolingModels/ 



Figure 1.2^x2' r band SDSS image of the WD CPM pair. Proper 
motions are indicated over 300 years. An SDSS fibre spectrum was 
obtained for the fainter component of the binary. 



0.07) X 10^ yr. Finally, we calculate Mg = 11.03 + 0.1, corre- 
sponding to a distance of 68 ± 3pc (Table[2|). The best fit is 
shown in Fig.[2l The u - g vs g - r colours of PG 1258+593 
are broadly consistent with the results of the spectroscopic 
analysis (Fig.[3|). Our atmospheric and stellar parameters for 
PG 1258 +593 are in excellent agreement with those pub- 
lished bv iLiebert et al.l (|2005al l as part of their systematic 
analysis of the DA WDs from the Palomar Green Survey. 
They quote Teff = 14480 + 229 K, log g = 7.87 + 0.05, and 
Mwd = 0.54 + 0.02 Mo . 

Given the magnetic nature of SDSS J1300+5904, estab- 
lishing its atmospheric parameters is not straight-forward, 
and we analysed the SDSS photometry and spectroscopy 
with both non-magnetic and magnetic model spectra. 

Figure[3] shows the location of SDSS J1300+5904 in the 
u — g vs g — r colour plane, which, while being somewhat 
displaced from the cooling tracks of non-magnetic DA WDs, 
clearly suggest a low temperature. As a first step, we per- 
formed a least fit to t he SDSS ugriz mag nitudes us- 
ing model DA colours from lKoester et aP (|2005l V which re- 
sults in a temperature estimate of 6000 K. As expected from 
the morphology of the DA cooling tracks (Fig.[3|), at such 
low temperatures, the colours provide very little informa- 
tion on log g . Taking the SDSS observations at face value, 
the i^-band fiux from the SDSS imaging appears somewhat 
too low compared to the fiux level of the SDSS fibre spec- 
trum (Fig. [4]). Such offsets between the SDSS spectroscopy 
and photometry are found in a number of objects, and 
are in most cases strongest in the i^-band. The discrepancy 
seen in SDSS J1300+5904 is consistent with the location of 
SDSS J1300+5904 in the i^-^ vs ^-r colour plane (Fig.[3l), 
where the u — g colour of the object is too red with respect to 
the DA cooling tracks. A reduced u band fiux with respect to 
the extrapolation of the spectrum could otherwise be caused 
by a large Balmer jump, contrary to that expected for a 
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Table 1. Coordinates, proper motions, and PSF magnitudes of the two WDs extracted from SDSS DR7. 



Object 


RA 


Dec 


p.m. [masyr ^] 


u 


9 




r 


i 


z 




(2000) 


(2000) 


RA 


Dec 














PG 1258+593 


13 00 35.20 


+59 04 15.6 


42.4 + 2.6 


75.0 + 2.6 


15.54 + 0.01 


15.20 + 


0.04 


15.52 + 0.02 


15.76 + 0.04 


16.04 + 0.02 


SDSS J1300+5904 


13 00 33.46 


+59 04 06.9 


41.8 + 3.0 


73.9 + 3.0 


19.08 + 0.03 


18.23 + 


0.04 


17.93 + 0.02 


17.80 + 0.04 


17.79 + 0.03 




Table 2. Atmospheric and stellar parameters for PG 1258+593 
and SDSS J1300+5904. 



-50 50 

Wavelength [A] 

Figure 2. Normalised INT/IDS H^-He (top to bottom) line pro- 
files of PG 1258+593 (gray line) and the best-fit model (black line) 
for Teff = 14790 K and log^ = 7.87 + 0.02. 



~ 6000 K DA WD. In reality, magnetic splitting probably 
leads to a shallower Balmer jump than in the non-magnetic 
case. Photometric variability due to rot ation, such as ob- 
serve d e.g. in the magnetic WD GD 356 (|Brinkworth et all 
I2OO4I V also cannot be ruled out, and further study is war- 
ranted. 

In a second step, we made use of the known distance, 
d = 68 =b 3pc. For a given choice of Teff, we vary log^ 
to match the observed SDSS magnitudes, and the best-fit 
log g then provi des Mwd stnd R^a by adopting a WD mass- 
radius relation (|Woodl [TooBI : [Fontaine et al.1 120011 ). In the 
light of the flux discrepancy in the i^-band discussed above, 
we restrict the fit to the griz magnitudes, and flnd Teff = 
6300 =b 300 K, log^ = 7.93 ± 0.13, corresponding to a WD 
mass Mwd = 0.54 ± 0.06 M©, radius i?wd = (9.33 db 0.64) x 
10^ cm, and cooling age of 1.7 x 10^ yr. 

^PG 1258+593 is detected by GALEX (|Martin et al.1 

I2OO5I ) at mfuv = 15.30 ± 0.02 and mnuv = 15.33 ± 0.01. 
Adopting Teff and log g from TableO and d = 68±3 pc from 
above, we folded a DA model spectrum from (Koester et al.l 
I2OO5I ) through the GALEX far and near- ultraviolet response 
curves, obtaining mfuv = 15.37 and mnuv = 15.30, in excel- 
lent agreement with the GALEX measurement when tak- 
ing into account the low, but non-zero amount of reddening 
along the line of sight and the systematic uncertainties in 
the GALEX calibration. In contrast, SDSS J1300+5904 is 
not detected by GALEX. For an assumed distance of 68 pc, 
the limiting magnitude of GALEX, mnuv = 20.5, implies up- 





PG 1258+593 


SDSS J1300+5904 


Teff [K] 


14790 + 77 


6300 + 300 


log g 


7.87 + 0.02 


7.93 + 0.11 


Mwd[M0] 


0.54 + 0.01 


0.54 + 0.06 


i?wd[10^ cm] 


9.85 + 0.10 


9.33 + 0.64 


Cooling age [10^ yr] 


1.8 + 0.07 


18.5 + 0.5 


Swd[MG] 


^ 0.3 


^ 6 



per limits for Teff between 6350 and 6650 K for a mass range 
from 0.47 to 0.63 M©, which is consistent with the results 
we obtained from fitting the griz magnitudes for the same 
distance. 

We also fitted non-magnetic DA model spectra to the 
observed spectrum of SDSS J1300+5904. This results in 
Teff ^ 6500 K, which corroborates the low temperature sug- 
gested by the photometry, but can obviously not properly 
account for the observed Balmer line profiles (Fig.|4]). 

Finally, fixing the distance to 68=b3 pc, and log^ = 7.93, 
we analysed the spectrum of SDSS J1300+5904 with mag- 
netic WD models, using a simplified version of the code 



netic WD m odels, usmg a simpii i 
explained in lEuchner et al. (I2OO2II 



— (1200211 an d following the pro- 
cedure outlined in iKiilebi et al.1 (|2009l ) to fit for a centred 
magnetic dipole. Due to the lack of a consistent theory that 
describes Stark broadening in the presence of magnetic fields 
in this regime (e.g. Jordan 1992) the computed line profiles 
are subject to systematic uncertainties. Hence discrepan- 
cies between the apparent strengths of the B almer lines and 
the slope of the continuum are observ ed (see Achilleos et al.l 
1 199 11 ). We have used the approach of Gansicke et aL ( 2002h 
and used two different methods to asses the effective temper- 
ature: Fitting only the Balmer lines (6000 K) and fitting the 
continuum slope (6800 K). In the case where only Balmer 
lines are fitted the slope of the model spectrum is normal- 
ized with respect to the observed one. The Zeeman splitting 
observed in Ha implies a magnetic field strength of 6 MG 
and suggests an intermediate inclination between the line- 
of-sight and the magnetic axis. Figure^] shows a magnetic 
model spectrum for a centered dipole with polar strength of 
6 MG with an inclination of ^ 45 degrees as an example of 
a satisfying fit. 



4 STELLAR EVOLUTION OF THE CPM PAIR 

Within the errors, both WDs in this CPM pair have equal 
masses, similar or sli ghtly below the mean mass of DA WDs , 
0.593=b0.016 McT) (e.g iKoester et aLlll979l : [Fiiilev et al.lll997l : 



iLiebert et"glll2005al : TKepler et all 



20071 ). but their diflFerent 



effective temperatures result in an age difference of 1.67 ± 
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2000 3000 4000 5000 6000 7000 8000 

Wavelength [A] 

Figure 4. The SDSS spectrum of SDSS J1300+5904 along with non-magnetic (bottom curves, Teff = 6500 log ^ = 7.93) and 
magnetic (top curves, Teff = 6000 K, log^f = 7.93) WD models. The top curves are offset by 10 flux units. The magnetic WD model is 
calculated for a centered dipole with polar strength of 6 MG at an inclination against the line-of-sight of 45 degrees. Shown in red are 
the fluxes corresponding to the SDSS ugriz PSF magnitudes of SDSS J1300+5905. The left-most red point indicates the upper limit on 
the near-ultraviolet flux of SDSS J1300+5905 implied by the non-detection with GALEX. 
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Figure 3. SDSS u — g vs g — r colour-colour diagram show- 
ing PG 1258+593 (left) and its magnetic CPM companion 
SDSS J1300+5904 (right) as red crosses. Theoretical DA coohng 
tracks shown as black lines for (from left to right) log^f = 7 — 9.5 
in steps of 0.5. The black open and black fllled circles track 
log^f = 9.5 and log^f = 7.0 respectively, with corresponding cool- 
ing times. 



0.05 Gyr, implying that their progenitor stars had rather 
different main-sequence life times. 

It is long known that stars undergo different amounts of 



mass loss depending on their initial mass, and IWeidemannI 
(|l977l ) pioneered the investigation of the initial-final mass 
relation (IFMR) for WDs. The bulk of recent observa- 
tional work constraining the IFMR has been carried out 



using WDs in 


open clusters spanning a range of ages (e.g. 


Ferrario et al. 


i2005: Kalirai et aLll2005l: 


Bobbie et aLll2006l: 


Catalan et al. 


i2008h.a: kalirai et alJ 


2008 


: iRubin et al. 


2008: Salaris et alJ 20091: ICasewell et all 


2009 


: iDobbie et al. 


20091: iWilliams et aLll2009f). These studies exuloit the fact 
that the age of the cluster population can be determined 



from the main-sequence turn-off. The measured WD cool- 
ing age can then be used to calculate the lifetime of the WD 
progenitor and thus its initial mass can be estimated. 

Clusters, however, are still relatively young, and there- 
fore the low mass stars have not evolved into WDs yet. 
This means the low mass end of the IFMR, below 2 M0 , 
is very poorly constrained, and the progenitors of both 
PG 1258+593 and SDSS J1300+5904 most likely had ini- 
tial masses in this range. The question also remains as 
to whether the IFMR is indeed a one-valued relation, or 
whether there is a spread. 

Wide WD binaries that did not interact during their 
evolution can in principle provide additional semi-empirical 
constraints on the IFMR. The cooling ages in such binaries 
can be determined from standard WD evolution models. The 
strongest constraints can be expected to come from binaries 
containing two WDs with unequal properties, such that the 
cooling ages differ significantly. This method has the advan- 
tage that some of the WDs will be of low mass and thus 
constrain the low mass end of the IFMR. To our knowledge, 
such an approach to th e IFMR was attempted only twice. 
ICreenstein et al. analysed the Sanduleak-Pesch WD 

binary (WD 1704+481), but their results were invalidated by 
the discovery that one of the two WDs is itself an unresolved 
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close WD binary that und e rwent a common- envelop e evo- 
lution (|Maxted et al.ll200Ql l. iFinlev &: Koesterl (| 19971 ) mod- 
elled both components of PG0922-hl62, a CPM binary con- 
taining two relatively massive WDs, and their results are 
consistent with the IFMR obtained from open clusters. 

Here we make use of the age difference between 
PG 1258+593 and SDSS J1300+5904 to provide a semi- 
emirical upper limit on the progenitor mass of PG 1258+593. 
We adopt the main-sequence life times as a function of initia l 
mass from the stellar evolution models of I Pols et al.l (|l998[ ). 
For any given choice of the progenitor mass of PG 1258+539 
(M^^), the age difference of 1.67 ± 0.05 Gyr then implies a 
progenitor mass for SDSS J1300+5904 (Mf^^^). Figure [5] 
illustrates the relation between Mf^ and Mf^^^ for so- 
lar and half-solar metalicity models with and without over- 
shooting. As the main-sequence life time is a very strong 
function of the initial mass, Mf levels off very steeply 
for 1.4 < Mf^ < 1.8, and in a most conservative inter- 
pretation, M^^ < 2.2 M©. Being more adventurous, one 
may choose to adopt the most recent IFMR clu ster relations 
(e.g. ICasewell etaP l2009l : ISalaris et all l2009l ) to turn the 
mass of SDSS J1300+5904 into a conservative upper limit of 
^SDSS <^ 3M0, and therefore Mf^ < I.8M0. 

Admittedly, for a single WD binary this proves to be 
merely consistent with the current IFMR rather than im- 
proving it. It may however be in favour of a spread in the 
IFMR since we find two WDs with similar masses, yet very 
different ages and thus implying different progenitor masses. 
If we take current IFMRs, progenitor masses in the range 
1 — 1. 4M0 would be expected. The mass errors in Table[2]rep- 
resent only the statistical uncertainty in fitting the observed 
Balmer lines with model spectra. Systematic uncertainties 
in the models and/or fitting procedure are difficult to assess, 
but are likely to outweigh the statistical errors. We estimate 
that the largest current mass difference consistent with the 
observational data is ^ 0.1 Mq, which would move, follow- 
ing the procedure outlined above, both progenitor stars into 
a range 1 — 1.4 M©. 

Our study of PG 1258+593 and SDSS J1300+5904 out- 
lines the potential of using WD CPM binaries for constrain- 
ing the IFMR, bearing in mind that SDSS contains at least 
a few dozen of such binaries. However, to fully exploit this 
method, i.e. to reduce the spread seen in the relation shown 
in FigO high-quality follow-up spectroscopy plus broad- 
band photometry are necessary to deliver accurate Teff and 
log g measurements. 

A final caveat for the WD CPM binary presented in this 
study is that the magnetic field may have affected the IFMR 
for SDSS J1300+5904, h owever, there is currently no evi- 
dence for such an effect (' Wickramasinghe &: Ferrarioll2005l : 
[Catalan et aIll2Q08h ). 



5 SDSS J1300+5905 AND THE ORIGIN OF 
MAGNETIC WHITE DWARFS 

The origin of highly magnetic (> 1 MG) WDs is an unset- 
tled issue. Early estimate s of the fraction of MWDs hinted 
at a value of ^ 4% (e.g. llSchmidt &: Smithl ,1995). and led 
to the conclusion that their mass es were on ave rage higher 
than those of non-magnetic WDs (i LiebertllTissI ). The space 
density of MWDs and their high masses were taken as 
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Figure 5. The mass of the progenitors star of SDSS J1300+5905 
as a function of the mass of the progenitors star of PG 1258+593, 
given the difference between cooling ages indicate the differ- 
ence between progenitor lifetimes. Calculations are made for 
over-shoot (OVS) and non over-shoot models, as well as solar 
(2; = 0.02) and half solar (z = 0.01) metalicities. Allowing for Icr 
errors on cooling times leads to a spread into the grey shaded 
region. 



being suggestive for MWDs descending from chemical pe- 
culiar Ap/Bp stars, with the strong fields of the MWDs 
expla ined by magneti c flux conservation (e.g. I Angel et al.l 
Il98ll : [^ut et al.ll2004l V However, more recent work suggests 
that the fraction of MWD may actually be as high as 10 — 
15% (|Liebert et al.ll2003l : IWickramasinghe Ferrarioll 20051 ) , 
casting doubt as to whether the space dens ity of Ap/Bp stars 
is sufficient for producing all MWD s ( Ka wka k, VennesI 20041 : 
Iwickramasinghe k, Ferrariolbood V 

Liebert et al. I (|2005bl ) spotted another oddity about 



MWDs, namely that not a single MWD has been found 
in any of the > 1600 known (wide an d close) WD plus 
M-dwarf binaries (Silvest ri et al. 200^: iHeller et all l2009l : 
iRebassa-Mansergas et 3|2Q09|) - contrasting the large fre- 
quency of interacting MWD plus M-dwarf binaries, i.e. 
magnetic cat aclysmic variables, which make up 25% of all 
known CVs (IWickramasinghe k Ferrariol I2OO0I ) . This mo- 
tivated iTout et al.l (|2008l ) to outline a verv different sce- 
nario for the origin of MWDs, in which dynamos during 
the common envelope evolution of close binaries generate 
strong magnetic fields in the core of the WD progenitor. 
During the common envelope of a WD plus M-dwarf bi- 
nary, the separation shrinks, leading primarily to two differ- 
ent possible outcomes. If the two stars avoid merging, they 
leave the common envelope as a short-period binary that 
will relatively rapidly start mass transfer as a magnetic cata- 
clysmic variable. In fact, a number of su ch systems, magnetic 
pre- cataclysmi c variable s, are known (iReime rs et al. 19991: 
Reimers k Ha gen 2000; [Szkodv et al . 2003; S chmidt et aD 
2007; Schwope et al. 2009). Alternatively, the two stars may 
coalesce, forming a single MWD, which will typically be 
more massive than non-magnetic field WDs. 

Given the larger number of observational constraints 
that are available for MWDs in binaries, these systems hold 
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Table 3. Known spatially resolved double degenerate systems with one magnetic component. 



Name 




MWD 






Companion 


separation 


Ref. 




Teff [K] 


Mwd[M0] 


B[MG\ 


Type 


Teff [K] 


Mwd [Mo] 


n 


AU 




LB 11146 


16000 


0.9 


670 


DA 


14500 


0.91 ±0.07 


0.015 


- 0.6 


1,2,3,4 


RE J0317-853 


33800 


1.32 


340 


DA 


16000 


- 0.93 


6.7 


- 200 


5,6,7,8 


SDSS J130033.48+590407.0 


6300 ± 300 


0.54 ±0.06 


:^ 6 


DA 


14790 ± 77 


0.54 ±0.01 


16.1 ±0.1 


> 1091 


9 



Liebert et all (Il993h: ^ iGlenn et al.l (Il994l): ^ ISchmidt et aD (Il998l ): ^ iNelanI (l2007l ): ^ iBarstow et all (|l995l ): ^ iFerrario et all (|l997l ): 
Burleigh et^ (|l999l ): ^ IVennes et al.l (|2003l) : ^ this paper. 



a strong potential in improving our understanding of the ori- 
gin of MWDs. Until now, only two spatially resolved WD bi- 
naries containing one MWD were known, RE J0317-853 and 
LB 11146, see TableO REJ0317-853 is hot, massive WD, 
rotating with a spin period of 725 se c , and has a very larg e 
magnetic field (|Barstow et alJ Il995l : iBurleigh" et alJ 1 19991 1. 
Its DA companion LB 9802 is cooler and of lower masqf] 
than RE J03 17-853, a paradox in terms of stellar evolution 
which is resolved if the magnetic comp onent is a ssumed to 
be a relatively recent merger (Ferrario etlllll997l ). LB 11146 
is a relatively close binary, that might have undergone a 
common envelope evolution (|Nelanll2007l l. Hence, the prop- 
erties of both REJ0317-853 and LB 11146 are consistent 
with a binary origin of the magnetic field. In addition to 
these two spatially resolved WD plus MWD binaries, about 
half a dozen unresolved s pectroscopic WD b inaries contain- 
ing an MWD are known (Kawka e t alJlioOTl . and references 
therein) , and hence it is not known if they underwent binary 
interaction or not. 

PG1258+593/SDSS J1300+5904 differ from the two 
previously known spatially resolved binaries in that the 
two WDs appear to have evolved without interacting, and 
their properties agree with standard stellar evolution theory. 
Taken the observational facts at face value, it seems entirely 
plausible that the strong magnetic field of SDSS J1300+5904 
is related to the Ap phenomenon and not related to a com- 
mon envelope evolution, unless it is itself an unresolved bi- 
nary, or unrecognised merger. The first option appears con- 
trived, but not im possible (see the case of WD 1704+481; 
iMaxted et aljlioool v The SDSS spectrum shows no evidence 
for an additional binary companion, unless it is a feature- 
less DC WD, similar to that in G62-46 (Bergero n et alJ 
1 19931 1. or a very late type dwarf. Using t he star spectral 
templates of lArauio-Betancor et al.l (|2005l l. a hypothetical 
unresolved late type companion to SDSS J1300+5904 has 
to be of spectral type L5 or later to go u nnoticed. WD plus 
brown dwarf binaries are extremely rare (jFarihi et al.ll2005l ). 
so finding one with a CPM WD companion appears rather 
unlikely, however infrared data could rule this out for cer- 
tain. The second option, a merger, can also not be excluded. 
The mass of SDSS J1300+5904 is slightly below the mean 
mass for single WDs, so any merger event would have ei- 
ther been the merger of two low mass WDs, possibly he- 
lium core WDs, or had to involve a low mass star. In the 



^ The physical association of REJ0317-853 is so far purely 
based on the small separation on the sky, no proper motions are 
available for the two stars. However, a preliminary analysis of 
HST/FGS data does appear compatible with the system being a 
CPM pair (Jordan et al. in prep.). 



case that SDSS J1300+5904 is the product of a merger, one 
would expect the WD to be rapidly spinni ng, which might be 
detected v ia photometric variability (e.g. iBrinkworth et al] 
I2004l . l2005l ). Thus SDSS J1300+5904 warrants further study. 



6 CONCLUSIONS 

We have shown how wide, non-interacting WD pairs can 
be used to constrain the IFMR. We have also shown that 
SDSS J1300+5904, the CPM companion to the DA WD 
PC 1258+593, is a MWD with B 6MG. The masses of 
both WDs are ^ 0.54 M©, slightly below the average of 
non-magnetic WDs. Nevertheless, the two WDs exhibit a 
significant difference in their effective temperatures, imply- 
ing an age difference of ^ 1.6 Gyr. Adopting standard stellar 
evolution models, we show that assuming a progenitor mass 
of ^ 1.5 M© for PC 1258+593 implies a progenitor mass of 
- 2 - 3 M© for SDSS J1300+5904, consistent with the mass 
of Ap stars. An origin of the magnetic field related to com- 
mon envelope evolution is not impossible, but requires the 
assumption of an initial triple system. 
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